Background: Socio-economic, environmental factors and general practitioner (GP) involvement may influence adherence to repeat faecal occult blood testing (FOBT) of organised colorectal cancer (CRC) screening. The aim of the study was to identify predictors of adherence to repeat testing.
Although the determinants of initial participation in organised colorectal (CRC) screening programs are now known with welldocumented socio-economic disparities (von Wagner et al, 2009; Frederiksen et al, 2010; Pornet et al, 2010) , little is known about the determinants of adherence to repeat screening, which is a critical component in faecal occult blood test (FOBT)-based screening programs. Serial adherence is crucial for screening efficacy (Gellad et al, 2011) . Adherence to serial screening can boost programme sensitivity because cancers missed in round 1 (R1) can be detected in later rounds (Launoy et al, 1998) .
There are no prior studies in Europe and only a few in the United States where, after first participation, very low (24.6%-26.0%) or low (44.4%) rates of adherence, respectively, of yearly (Gellad et al, 2011; Liss et al, 2013) and biennial (Fenton et al, 2010) repeat testing have been reported. The latter study showed that receiving a preventive health prevention examination was strongly associated with FOBT adherence relative to no CRC screening (adjusted relative rate ratio, 11.6; 95% CI, 9.6-13.0). However, no studies to date have compared factors influencing complete-to-occasional adherence. Furthermore, no studies have used multilevel modelling, which takes into account the hierarchical data structure and is more suitable for investigating the impact on adherence to repeat screening of contextual effects such as socio-economic deprivation and rural/ urban residence.
This study investigated adherence to biennial FOBT in part of the French general population in an organised CRC screening programme. The objectives were to identify the proportion of people who completed repeat FOBT among people eligible for all the first three rounds, and to identify both individual and contextual factors associated with adherence to repeat screening. We also assessed which source of invitation, the visit to the GP and postal mailing of the FOBT kit was the most likely to influence adherence to repeat screening. (R3) . The local screening programme centre mailed letters to all individuals aged 50-74 years. The letters recommended a visit to family GPs who explained the screening programme and test procedures and delivered a free FOBT kit if the person was considered at average risk of CRC. Individuals with serious illness, recent CRC screening or high CRC risk (symptoms, personal or family history of CRC, inflammatory bowel disease) were excluded. Nonrespondents received a first reminder within 3 months by mail explaining the need to visit their GP, and nonrespondents to this reminder received a second reminder within 3 months by mail with the FOBT kit and a prepaid return envelope. Participants in the screening programme performed the FOBT at home, then sent the kit to the screening programme laboratory, which sent the results to the participants, the GP and the local screening programme centre. People with positive FOBT results were referred by their GP to a gastroenterologist for a colonoscopy. The database from the local screening programme centre comprised 202 171 persons eligible for R3 of CRC screening in Haut-Rhin (Figure 1 ). First, 1334 persons were excluded because they did not live at the address indicated. People ineligible for all the first three rounds were also excluded. Thus, 118 905 persons were eligible for all the first three rounds.
Classification of individuals and outcomes. The study outcome was patient adherence to repeat screening. Adherence to repeat screening was defined by behaviour of eligible people during the first three rounds and was classified into three categories: 'never participants', 'compliant participants' who participated in all the first three rounds and 'occasional participants' who participated once (R3) or twice (R3 and (R1 or R2)).
To determine which source of invitation was the most associated with adherence to repeat screening, we excluded people who had performed the FOBT by means other than that proposed by the programme, and 'occasional participants' who did not participate in R3 because the source of invitation was known only to participants in R3. Finally, 61 386 people were analysed.
Potential predictors of adherence to repeat screening. We considered potential predictors of adherence to repeat screening related to the individual (level 1) and to the area of residence (level 2).
Individual predictors (level 1) extracted from the screening programme database included gender, age, scheme of statutory health insurance and invitation sources that induced participation (those recommended in the French programme: GP and FOBT sent by mail).
Contextual factors (level 2) were related to the individual's ward of residence (i.e. area) as determined on the individual's exact address. In the absence of available individual socio-economic data, the socio-economic environment was assessed by using an aggregate deprivation index, the French version of the European Deprivation Index (EDI) (Pornet et al, 2012) . The EDI was chosen because it is the first index whose score is available for all the smallest census units of the entire French mainland called 'Ilôt Regroupé pour l'Information Statistique' (IRIS) (maximum population 9618; mean population 2000). The study area, that is, 'Haut-Rhin' was constituted of 506 IRIS. Details for building method of IRIS and urban and rural areas are available on http:// www.insee.fr/fr/methodes). Moreover, EDI is reproducible over time and across Europe, thereby facilitating further European comparisons (Pornet et al, 2012) . The EDI was uploaded with the 2007 national population census data and was categorised into quintiles with quintile 1 representing the least deprived and quintile 5 the most deprived areas. Each person was then assigned an EDI score and a rural/urban area status.
Statistical analysis. Analyses were performed with SAS version 9.3 (Statistical Analysis System software, version 9.3, Cary, NC, USA). The influence of aggregate data and individual data on adherence to repeat screening ('occasional participants' vs 'compliant participants'), was analysed, firstly using univariate logistic regression, then two-level (multilevel) logistic regression models with individuals (level 1) residing within the areas (level 2). The adopted modelling strategy consisted of increasing model complexity at each step, using a random intercept model (Pornet et al, 2010) .
RESULTS
Study population. Among the 118 905 persons eligible for the three first rounds, 33.6% persons were 'never participants', 27.7% 'occasional participants' and 38.8% 'compliant participants' (Figure 1) . Characteristics of the three categories of participants are described in Supplementary Table 1.
Factors associated with adherence to repeat testing. By the univariate model, being a man, in the youngest age group, a selfemployed person, performing the FOBT after receiving it at home and living in the most deprived and in urban areas were significantly and positively associated with 'occasional' adherence to repeat testing (data not shown).
Adherence to repeat screening varied significantly across the areas (Po0.0001, test of random intercept) (Supplementary  Table 2 , empty model). All individual factors significantly associated with adherence to repeat testing in the univariate model remained significant and were independently influent (model 1). The highest adjusted odds ratio (ORa) of 'compliant participants' (10.7; 95% CI, 10.01-11.5) was associated with participation in R3 following a GP visit. Adding EDI to individual factors showed that 'occasional participants' were more likely to live in the most deprived areas (ORa, 0.73; 95% CI, 0.69-0.78; model 2) than 'compliant participants', and adding rural/urban context showed that 'occasional participants' were more likely to live in urban areas (ORa, 0.85; 95% CI, model 3) . The full model (Table 1  and Supplementary Table 2 , model 4) did not decrease the variability across the areas compared with model 2 including EDI and the influence of EDI remained as significant (ORa, 0.75; 95% CI, 0.70-0.80) as without rural/urban adjustment. In other words, rural/urban context shows a very weak association with adherence to repeat testing, unlike socio-economic context.
DISCUSSION
A low rate of adherence to repeat FOBT was found as only a little more than one-third of eligible persons were 'compliant' participants. The family GP was the main source of invitation for 'compliant' participants whereas FOBT mailing was strongly associated with 'occasional' participation. Socio-demographic characteristics and socio-economic environment also influenced adherence, but to a lesser extent, with the youngest age-group people, men, people insured by health coverage schemes for the self-employed and people living in the most deprived areas being the participants least likely to be 'compliant'.
Our overall compliance with repeat FOBT in the general population is intermediate between two US rates, that is, 44.0% in a private integrated health plan and delivery system (Fenton et al, 2010 ) and 24.6% in an urban community health centre network (Liss et al, 2013) .
Our finding of the strong association between GP and compliance is inconsistent with the longitudinal US study, in which relative adherence with FOBT was significantly but slightly associated with a large number of primary care visits, whereas receiving a preventive health examination was strongly associated with FOBT adherence relative to no CRC screening. However, comparison of the role of practitioners in organised and opportunistic screening programmes has strong limitations. The relationship between compliance and GP highlighted in our study may also reflect a selection bias and may be related more closely to patient characteristics than to GP inducement. By contrast, this present finding strengthens the positive major role for GPs in patient adherence to the screening process, from initial participation to colonoscopy after a positive FOBT (Federici et al, 2006; Ferrat et al, 2013) .
Socio-demographic factors of the lower adherence are consistent with previous European and US findings regarding initial participation for colorectal cancer screening (Wee et al, 2005; Weber et al, 2008; Pornet et al, 2010; Leuraud et al, 2013) as well as with repeat mammography use (Dailey et al 2011) . Similarly, socio-economic environment influenced initial participation in such a way that areas of weak participation were linked to areas of strong deprivation ( determinant of a repeated adherence screening is the involvement of GPs and that their key role is not affected at all by the socioeconomic environment of their patients or the type of rural/urban residence. The main strength of our study is the inclusion of socioeconomic environment in a multilevel analysis in a real world population-based programme. Other strengths include its largescale and long duration. Finally, our geocoding tool enables us to draw detailed maps of repeat uptake rates that will help healthcare policymakers to ensure better targeting of further interventions to enhance adherence to repeat testing. As uptake related to direct mailing of FOBT kits is low, postal contact is being abandoned in France. Further research is needed to assess the savings made, which could be allocated to increasing GP involvement and establishing recommendations that might have a higher impact on compliance (Federici et al, 2006; Senore et al, 2010) . Additional socio-economic disparities in repeated adherence compound the already well-documented ones regarding initial participation. A substantial effort particularly targeting GPs is needed to increase uptake and adherence to repeat testing and to reduce social and geographical inequalities in France.
